ABSTRACT
INTRODUCTION
Ammonium sulfate exhibits a ferroelectric phase transition at about 223 Κ from the paraelectric phase with the space group D\ Recently, we have calculated the temperature dependence of the dielectric susceptibility in the ferrielectric phase of (NH 4 ) 2 S0 4 /20/ using the two polarizations P\ and P 2 with their quadratic coupling in a mean field model. We have also calculated the phase diagram of a mixture of (NH 4 ) 2 S04/H 2 0 1261 using our mean field model.
In this work we investigate the mechanism of the ferroelectric-paraelectric phase transition in ammonium Vol. 29, No. 4, 2010 for the paraelectric phase (T>T C ) according to Eq. (2.5).
For the ferroelectric phase, we assumed the temperature dependencies of the coefficients a 2 and a 4 for our fits as
CALCULATIONS AND RESULTS
We calculated here the temperature dependence of the spontaneous polarization Ρ and the dielectric susceptibility χ or the dielectric constant ε for the ferroelectric-paraelectric phase transition in (NH^SO^ This calculation was performed for the three constant frequencies, namely, 100, 500 and 2000 Hz using the experimental data for (NH 4 ) 2 S0 4 IM. We fitted the expressions for the dielectric constant (Eqs. 2.5 and 2.7) which we derived from the mean field model, to the experimental data for (NH 4 T-T c . The observed data for 100 Hz /4/ is also given in Table 1 . Also, by fitting Eq.(3.4) to the observed data /4/, the coefficients a 20 , a 2] and a 22 were determined within the temperature interval in the paraelectric phase, as tabulated in Table 2 . Figure 3 represents our calculated (Eq.3.5) 1/(ε-1) against T c -T in the ferroelectric phase (T<T C ) with the observed data /4/ at 500 Hz. Figure 4 gives our fit in the temperature interval, as indicated in Table 2 , for 1/(ε-1) against T-T c in the paraelectric phase (T>T C ) at 500 Hz. The observed data /4/ is also shown there. A plot of 1/(ε-1)
against T-T c in the paraelectric phase can also be obtained in the temperature interval (0<ΔΓ<18 K)at 500
Hz, as given in Table 2 . We plot in (Tables 1 and 2 ). As we see from the plots (Figures 1-6 ), our quadratic fits (Eqs.3.5 and 3.4) are reasonably good and they are compared well with the observed data IAl. In particular, at the frequency of 100
Hz (Figures 1 and 2) , the observed data is very well This follows that the first order character of the phase transition in ammonium sulfate is mainly because of the sulfate groups, as also suggested previously 1291.
By knowing the values of the coefficients (Table 1) from the fits of the dielectric constant ε, we were then able to evaluate the spontaneous polarization for various temperatures at constant frequencies of 100, 500 and 2000 Hz in (NH 4 ) 2 S0 4 .As shown in Figure 7 , our calculated values of the spontaneous polarization exhibit the expected critical behaviour in the ferroelectric phase. As the temperature decreases, the spontaneous polarization grows which indicates the ordering due to the reorientation of the NH 4 + ions. Our prediction for the spontaneous polarization Ρ ( Figure 7 ) can be compared with the observed behavior in the ferroelectric phase of (NH 4 )2S0 4 . Such a plot of P s (μΟ/ιη 2 ) vs T(K) with the observed data due to contribution of the lattice polarization and its best fit has been reported 1191 for the ferroelectric phase of ammonium sulfate. Contribution due to the distortion of all the ions causes the spontaneous polarization decreasing on cooling. Therefore, they have explained the behavior of the spontaneous polarization by two contributions, a lattice part and a part due to distortion of all the ions 1291.
Our calculated values of the spontaneous polarization can be properly compared with the experimental measurements at 100, 500 and 2000 Hz. Thus, the measurements of the spontaneous polarization as a function of temperature within the temperature intervals given at constant frequencies of 100, 500 and 2000 Hz, can examine our calculated values ( Figure 7 ).
CONCLUSIONS
We derived here the temperature dependence of the dielectric constant and of the spontaneous polarization from our mean field model. By fitting our expressions for the dielectric constant to the experimental data for (NH 4 ) 2 S0 4 , we calculated the coefficients given in the mean field free energy. This provided us to calculate the temperature dependence of the spontaneous polarization at constant frequencies in (NH 4 ) 2 S0 4 . From our calculated values of the dielectric constant and the spontaneous polarization at various temperatures for constant frequencies, we conclude that our mean field model describes satisfactorily a first order transition of (NH 4 ) 2 S0 4 , as observed experimentally. Experimental measurements for the spontaneous polarization at a constant frequencies studied, are needed to examine our calculations given here.
